Abstract -We analyze the error pe'rformance of a space-time coding system using M transmit and N receive antennas w i t h imperfect channel estimation in Rayleigh fading. A least-squares estimate of the channel matrix is obtained by using a sequence of pilot code symbols. T h e estimate is found to be perturbed by an M x N perturbation matrix with correlated zero-mean circular Gaussian entries. A n N x L code matrix is used to trans-
I. INTRODUCTION
Space-time coding [l], which uses the advantage of trans mitter diversity, is an effective technique to improve the performance of wireless communication systems. Here we apply a simple channel estimation technique for constant modulus signaling, and analyze the error performance of a spacetime coding system which uses this technique.
II. MODEL
Consider a basic model [l] for a communication system that employs spacetime coding with N transmit and M receive antennas, The information symbol s(1) at time index 1 is encoded by the space-time encoder as N code symbolSc1(1),c~(l), ..., c~( l ) .
Eachcodesymbolis trans-, mitted simultaneously from a different antenna. Signals arriving at different receive antennas undergo independent fading. A flat fading channel is assumed. The constellation points are scaled by a factor of 2E,, where 2E, is tbe'average energy of the baseband signal constellation.
Let r j ( l ) , j = 1,. . .', M be the complex baseband received signal after matched filtering. Assuming ideal timing and frequency information, we have 11, 21
where { n i ( l ) } are independent samples of a zerwnean complex circular white Gaussian process with two-sided power spectral density 2No per dimension. It is also assumed that ~( 1 ) are n k ( 1 ) are independent for i # k, 1 5 i, k 5 M. The gain hij(2) models the complg fading channel gain from the j t h transmit antenna to the ith receive antenna. Let
where (.)T denotes transpase, be the N x 1 code vector transmitted from N antennas at time index 1, and
be the corresponding M x 1 channel vector from the j t h transmit antenna to the M rececve antennas. In addition,
be the M The M x N channel matviz H(1), which is independent of the noise, is given by
(7) When the pilot code matrix is transmitted, we receive Let the received pilot signal matrix Rp and the pilot noise matrix 9 be given by for the conditional PEP no longer holds. This calls for an alternative analysis of the PEP. The PEP is given by P ( C -+ e) = Pr(D < 0) .
V. PERFORMANCE ANALYSIS

(38)
We now obtain the PEP from the c.f. of ' D using the inversion theorem 161. After changing the variable j w to z = 2 y N 0 in (37), we get Plots of the average PEP both with imperfect and perfect channel estimation are shown in Fig. 1 . We find that the degradation in performance due to imperfect channel estimation can be compensated by increasing the number M of receive antennas. For example, at r rz 9 dB, the average PEP with M = 3 and imperfect channel estimation is the Same as that with M = 2 and perfect channel estimation.
